We report here a straightforward synthesis for a series of new structures with fused 1,10-phenanthroline-thiophene connection. They are synthesized with a modified Hinsberg thiophene procedure, followed by successive modification to yield several 5,7-disubstituted thieno[3,4-f][1,10]phenanthrolines, most notable thiophene-substituted compounds that could be potentially of use for organic electronics applications. For some selected examples, crystal structures were obtained, showing a nearly coplanar arrangement around the fused connection, also beneficial for an effective electron transfer in organic electronics or solar cells.
Thiophenes are versatile compounds that are used in many different fields and they are gaining much interest during the last years.
1 They are often used in research areas like organic electronics as semiconductors, 2, 3 organic lightemitting diodes (OLEDs) 4, 5 or solar cells 6 and as bioimaging materials. 5, 7 In these applications, the thiophene compounds are mostly based on π-conjugated polymer structures. Some of these polymers contain fused thiophene rings or organic structures that are fused with the thiophene backbone like 3,4-ethylenedioxythiophene (EDOT). 8 Through the conjugated structure they possess the ability to transfer electrons within the organic framework. While most fused thiophene structures are based on fusion at the 2,3-position, a novel procedure to generate a fusion of 1,10-phenanthroline at the 5,6-position with a thiophene ring at 3,4-position is presented here.
The structural motif of interest is shown in Scheme 1. It is generally unknown from literature studies, except for a patent by Jung-Sub Lee, describing the fusion of a 2,9-phenanthroline to thiophene. 9 Their proposed protocol did not yield the desired 5,7-disubstituted thieno [3,4-f] [1, 10] phenanthrolines. Another structure, which shows the highest similarity with the systems reported here possess a 1,10-phenanthroline with a fused imide ring at the [3,4-f]-position.
10 These pyrrole-containing molecules were synthesized based on a procedure described by Lash or Ono, who used 5-nitro-1,10-phenanthroline, DBU, and different isocyanoacetates to isolate the fused pyrrole structure.
Scheme 1 General scheme for a modified Hinsberg thiophene synthesis that results in a 1,10-phenanthroline backbone
We therefore chose the well-established Hinsberg thiophene synthesis to prepare compound 1 as precursor for further 5,7-disubstituted thieno [3,4-f] [1,10]phenanthrolines. The according reaction scheme is shown in Scheme 1. Following the literature procedure 11 that uses NaOt-Bu for the deprotonation of the thiodiacetate and t-BuOH as solvent only 1,10-phenanthroline-5,6-diol was obtained instead of the desired product 1. Consequently, a screening of reaction parameters was carried out to realize the synthesis of 1. 12 The individual reaction components are summarized in Table 1 . Exchange of NaOt-Bu by KOt-Bu led to the If the reagents were suspended and added to the base (see Table 1 , order position of base: 1 st ) or the base was added to the suspended reagents (see Table 1 , order position of base: 2 nd ) had only minor influences on the obtained yield (91.5 % vs. 96.1 %). Compound 1 was utilized to realize a series of new 5,7-disubstituted thieno [3,4-f] [1,10]phenanthrolines by using it as precursor in four different reactions. According to Scheme 2, the decarboxylated product thieno [3,4-f] [1,10]phenanthroline (2), the methyl (3), and ethyl ester (4) of 1, and the 5,7-dibromo-substituted compound 5,7-dibromothieno [3,4-f] [1,10]phenanthroline 5. All reactions are depicted in Scheme 2. The synthesis of 2 was carried out as a neat reaction, and the product sublimed as colorless solid in vacuum. Although the yields were quite low, esterifications of 1 to 3 and 4 produced the desired products. For the synthesis of 5, N-bromosuccinimide (NBS) was used as bromine source and water as solvent, which results in a yield of 72 %. Other solvents like CHCl 3 or CH 2 Cl 2 suffered from low solubility of 1 and did not yield any product. Until now, only molecules with electron-withdrawing groups that lower both, the HOMO and the LUMO, were prepared. Hence, a system which provides different electronic properties was also synthesized. To achieve this, 5,7-di(thiophen-2-yl)thieno [3,4-f] [1,10]phenanthroline 6 with terminal thiophene rings in the 5,7-position was prepared to generate a system that is expected to feature a raised HOMO and lowered LUMO due to the extended conjugation. Additionally, 6 is theoretically capable of showing an efficient electron transfer, too. With this modification, a larger π-system is created that should be beneficial for efficient electron-transport properties. Therefore, a second screening was performed to ascertain the ideal conditions for the C-C cross-coupling reaction of 5 with 2-thienylmagnesium bromide ( Table 2 , entries 1-5), 2-thienyl boronic acid ( Table 2 , entries 6-10), and 2-(tributylstannyl)thiophene (Table 2 , entry 11). The summarized screening results are collected in Table 2 . It was not possible to isolate the desired extended thiophene structure 6 with a Ni-or Fe-catalyzed Kumada coupling, while every Suzuki coupling yielded the desired product 6, but with varying yields of 14.6-54.3 %.
13
The best result with a yield of 54.9 % was obtained with the Stille coupling utilizing Pd(PPh 3 ) 4 as catalyst, and a solvent mixture of toluene and DMF (4:1; Table 2 , entry 11). 
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dimethylpyridin-3-yl)magnesium bromide and Ni(dppf)Cl 2 as catalyst failed. Hence, the synthetic strategy was altered, and we went two steps back to introduce 5 to Stille crosscoupling reactions with 12 and 13. These two molecules were also prepared via another Stille coupling to obtain 8 and 9, subsequent brominations to 10 and 11 that were finally converted into 12 and 13. This new synthetic route is depicted in Scheme 3. With this modified procedure it was possible to obtain the two last structures of 14 and 15.
14 After the termination of the reaction, the products precipitated as pale-yellow solids. They are the most promising structures for novel photocatalytic systems because additional to the large π-system, they also possess two separate coordination sides. 15 These can be used to obtain bimetallic systems as active photocatalytic hydrogen evolving systems.
16
The synthesized compounds were characterized and confirmed by NMR spectroscopy, mass spectrometry, and elemental analysis. Additionally, it was possible to collect single-crystal X-ray data for 5, 6, 7, and 15. All four structures exhibit a nearly coplanar arrangement of the 1,10-phenanthroline and the thiophene ring with a maximum torsion angle of 4.66° for structure 6. This plane orientation supports the assumed effective electron transfer in these compounds. 17 The more extended structures (6, 7, and 15) show an additional twist of ca. 70-75° around the terminal thiophene rings in 6 and 7 and between the thiophene and the pyridine rings in 15 with angles around 45°. The molecular structure of 15 is shown in Figure 1 , and the other crystal structures are included in the Supporting Information.
In conclusion, we have identified straightforward synthesis protocols for a series of new 5,7-disubstituted thieno [3,4-f] [1,10]phenanthroline structures. The crucial step for the successful syntheses of these new structures was the modification of the Hinsberg thiophene synthesis to obtain the starting material 1 used for the preparation of all derivatives. It is the first time that a 1,10-phenanthroline is reported with a fused 3,4-thiophene ring in the backbone. All molecules were characterized by standard methods as well as crystal structure analysis for 5, 6, 7, and 15. Due to 
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their coplanar arrangement, these new fused systems containing thiophene rings are theoretically promising candidates for the application as molecular electronics. Although the actual application in organic electronics is not the aim of the current work, the synthesized compounds may find suitable applications in that field. However, in the near future we will report promising results obtained with these structures as ligands in photocatalytic hydrogen evolution experiments as components in two-component as well as one-component applications. 
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